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I.

Introduction
The rapid growth of China’s export changed China from an impoverished country to

the second largest economy in the world, which is beyond economists’ expectations.
Production shifted from labor-intensive to capital- and skill-intensive. The leap of
China’s export patterns affects the global market, especially in machinery, which draws
our attention.
In comparison with other countries, China’s lower income level, lower export price
and higher similarity of goods are thought to be a signal of exceptional sophistication by
some studies, because a country with a relatively lower average income is not expected to
be able to produce the same advanced goods as other highly-developed countries. In our
mind, an impoverished country should mainly focus on their basic social problems like
food and education. They do not have enough intelligence, money and energy to study
how to produce advanced goods and export them. China not only produces such
advanced goods when its average income is lower than other countries, but also sells
those advanced goods at relatively lower prices, which is really surprising, while other
studies had a contrasting opinion because they can explain the phenomenon by including
increasing direct foreign investments and high proportion processing as influence factors.

This paper analyzes China’s position on global machinery by making use of
relatively new data form 2007 to 2016. I will focus on two questions: if China’s
machinery exportation is exceptionally sophisticated.
I use products classification rather than industries classification because there are
some vertical differences among each industry (Schott, 2006). Vertical differences mean
that although two products belong to the same industry category, some differences may
exist between them. For example, Japan and China both export televisions to the United
States. A television from Japan may be an ultra slim color television with high definition,
while a television from China may be a black-and-white television. Those differences are
caused by relatively high-technologies and advanced materials that Japan uses. People in
the US prefer a relatively higher price to buy a sophisticated TV made by Japan.
I choose machinery as my main study area for the following three reasons. First,
machinery experienced the highest growth in China among other products, which makes
a great contribution to China’s export sophistication (Schott, 2006). Next, China is the
biggest machine exporter in the world, accounting for 33.2% of total exports. Third, the
relatively higher unit value will cause a relatively higher sales price, which contributes a
lot to the export of China’s exceptional sophistication. Based on these three reasons, we
could say that if the machinery exported is not exceptionally sophisticated, China’s total
export would be not exceptionally sophisticated.
The reason I select US import data to assess China’s exceptional sophistication is
that with a relatively free and attractive US economy (Schott, 2006), we can assume that
the exportation from countries to the US can accurately show their exportation to other

countries. The selection of US import data helps us observe and test countries’ export
performances better.
The reason I include processing export in my study is that without considering
processing productions in data selection and analyzation, our study will face two biases
(Van Assche and Ganges, 2008). First, trade expansion due to the rise of a processing
export makes the sophistication in China exceptionally high. Indeed, Xing (2016) found
that, although the share of China’s processing export has been gradually decreasing from
70% to 51%, it still remains a really high proportion in China’s total export. Next, the
share of processing export has been consistently higher in high-tech areas. Xiong and
Qureshi (2013) pointed out the share of Chinese high-tech productions in the form of
processing trade exceeded 95.5% after 2002. Since machinery has been always
considered as a high-tech area, it is necessary for us to find out if there is a relationship
between processing export and China’s machinery sophistication.

II.

Literature Review
Some studies found China’s export sophistication is exceptionally high. Rodrik

(2006) illustrated that “China is an outlier in terms of the overall sophistication of its
exports: its export bundle is that of a country with an income-per-capita level three times
higher than China’s.” By using the weights of total country export (EXPY) and per-capita
income, he showed that China stands out of trend of other developed countries. Although
he used a 6-digit product category as the classification method of exported commodities,
he actually noticed that there are vertical differences in the categories, which may cause
an extra sophistication of China’s export, especially in high-tech areas.

Schott (2008) concluded that China's export grows due to its rapid penetration of the
United States’ product market by using two ways to gauge the export sophistication. The
first way compares the price of exported goods from China and the Organization for
Economic Co-operation and Development (OECD). The second measures the overlap of
the exported products from China and OECD countries. Schott (2008) focused his study
in manufacturing industries and showed that Chinese exportation of machinery has the
highest penetration compared to Asia, Latin America and OECD. China’s machinery
industry has the highest growth compared to its other industries.
The main shortcoming of these studies was pointed out by Xu (2010). He concluded
that there are two biases made by Rodrik (2006) and Schott (2008): the overestimation of
goods quality and the underestimation of China’s average income. Although he admitted
the high-growth of machinery exportation from China, he concluded that the exceptional
sophistication could be explained by those biases.
Van Assche and Ganges (2008) only focused on electronics production of export.
They suggested that there are two main biases upward of China’s estimated sophistication:
“China’s foreign trade expansion is mainly due to a rise in processing exports” and “the
share of processing exports in total exports has consistently been higher in high-tech
industries”. Van Assche and Ganges (2008) focused the electronics categories and
compared every specific sub-category product exported from China with different
country groups. They found that China’s electronics production is not exceptionally
sophisticated.
Xu and Lu (2008) found a linear relationship between industry sophistication and
the independent variables including direct foreign investment and processing trend. That

is the export sophistication is positively related with the foreign invested enterprises and
the processing trend, and it is negatively related with the indigenous Chinese enterprises.
He followed the pattern of Schott (2008), measuring the within-product export
sophistication.
Based on all of the aforementioned studies, this paper mainly focuses on China’s
export machinery to the United States. Because I only focus on machinery products, I
will specialize in sub-categories of machinery in order to avoid vertical differences
(Schott, 2008). I will compute the average income level among countries (EXPY) used
by Xu and Lu (2008)1 to measure the sophistication on countries level. I will find if the
processing data is correlated with export sophistication by testing a regression model.

III.

Theory
There are a number of researchers who have constructed measures of export

sophistication. In this paper, we adopt Xu and Lu’s (2008) methods to measure the
product sophistication level of good i with the following formula:

In this equation,

denotes the product sophistication level of good i.

means the share of total product i’s value in country c. By calculating the average
weighted value of product i, we divide
countries

by the total export value of good i in all other

, where j is one of the countries selected from country set.

importance of good i in country c’s export structure.

1

Rodrik (2006) and Schott (2008) also use these two methods.

reflects the

denotes the real GDP per-capita

in country c. So, this formula reflects the relationship between sophistication of product i
and average income level in a country c: a high average income level country will have a
relatively high sophistication level of its products, while a low average income level
country will have a relatively low sophistication level of its products.
We can get the overall country level of sophistication by using formula:

where we define a country’s export sophistication level

as the average

weighted product sophistication level of all goods in country c.
Figure1 shows that China’s export machinery sophistication becomes closer to the
European Union and Japan. The differences are from 248 to 100 and 514 to 485
respectively. Figure 1 implies that China’s export machinery sophistication is quickly
catching up that of advanced countries.
Besides, to analyses China’s position on the global technological ladder, it is
necessary to take into account the composition of production activities. I follow Van
Assche and Ganges’ (2008) production intensity index (PII) and adopt an exportation
intensity index (EII) to measure the patterns of exportation specialization.
Let

denote the exportation value of machinery sub-category i in country c and
equals country c’s total machinery exportation value. The EII of country i in

product c is then given by:

Values greater than one indicate that the country has a greater share of its machinery
production in the product sub-category than world producers as a whole. Table 4
represents the exportation intensity indices for the main machinery sub-category (whose

contribution of China’s machinery exportation is greater than 1%) for China,
Canada, Mexico, Japan, Germany, South Korean, the United Kingdom, France, India and
Italy (those ten countries are selected because they are all big exporters in the world). The
results of Table 4 are calculated by using the weighted average of EII from 2007 to 2016.
The exportation specialization patterns vary greatly across countries. For example, China
was particularly specialized in the machinery sub-categories COM, ELT, TEL and VED,
a specialization pattern that can also be found in Canada, Germany, South Korea.
To estimate China’s position on the technology ladder as well as its upgrading, we
use a two-step methodology. In a first step, we estimate the level of technological
sophistication of a machinery sub-category as the weighted average income of its
producers. Let

represent country c’s per-capita GDP in current prices.

Then the level of export sophistication S for good i is given by

where a country’s weight

equals

Once the sophistication index has been estimated for all machinery sub-categories,
one in a second step can calculate a country’s technology index CTI as the weighted
average of the sophistication levels of the machinery sub-categories that it produces

where a product’s weight
machinery output:

IV.

Data

equals the share of good i in country c’s total

In this section, I will show the data sources of my calculation.
My data comes from four sources: first, I got real per-capita GDP from World Bank;
next, I found the US import value of machinery among four countries (China, Japan,
European Union and Sub-Saharan Africa) in United States International Trade
Commission; then, I use the machinery processing value from China’s external trade
statistics yearbook; also, I collected the value of machinery imported from ten countries
to the United States from The Observatory of Economic Complexity (OEC), who
measures a country’s exportation by machinery subcategories for 51 countries. The ten
countries were chosen because all of them are big exporter to the United States. Their
exportation to the United Sates can represent all of the exporters of the United States.
OEC uses Harmonized Commodity Description and Coding Systems (HS) to build
exportation subcategories. HS code has undergone several changes in the classification of
products. These changes are called revisions and entered into force in 1996, 2002, 2007
and 2017. So my research is limited in comparison from 2007 to 2016.

V.

Theoretical Hypothesis
In this section, I will test one theoretical hypothesis to help explain processing

products in China’s machinery export sophistication.

Hypothesis: The export sophistication level of China’s machinery export has a
positive relationship with the share of processing export of foreign-invested firms.

I use a Logarithm regression model in my empirical investigation.

(logPRODY) = 0 + 1 (logGDP) + 2 (logPROCESS) + 1
As a dependent variable, PRODY denotes the index of export sophistication, 0
denotes the interception, 1 denotes the effect of 1% GDP on PRODY, GDP denotes
weighted average per-capita GDP, 2 denotes the effect of 1% PROCESS on PRODY,
PROCESS denotes the share of processing export in total exports, and 1 is an error term.
In Table 1, I show these variables’ description and statistics summary.
According to my explanation in introduction, high GDP is the main cause of high
sophistication. In this regression model, we can predict that 1 should be positive and
should be relatively higher than other coefficients.
Based on my hypothesis, we assume a higher proportion of processing export in
total export value will cause a higher machinery export sophistication. So, we can predict
that 2 should be positive.
Because we adapt Xu and Lu’s (2008) regression model, diminished variable from
four to two, we can expect that our model can better explain China’s export
sophistication by observing a higher

.

VII.

Results
In Table 4, we present the average sophistication indices for the various machinery

sub-categories from 2007 to 2016. The variation in sophistication within the machinery
industry is not that striking. COM, for example, have a degree of sophistication that is
just 14% less than BRO. And from Table 3, the contributions of their sophistication are
almost same in China and in other countries.
In Table 6, we present the CTI and per-capita GDP. Canada had the highest CTI due
to their high specification in the most sophisticated subcategories COM, ELT and TEL.
Table 7 reports the result of PRODY level regression model. Notice that there is a
relatively high

and a relatively low stander error of my regression model, which

means the average income level and processing exports can explain at least 85% export
sophistication. These results are predicted by us in last section.
But taking a look of the ANOVA part, we found the result is not consistent with our
prediction. The coefficient of intercept is relatively high, which means we still have some
important factors that need to be founded to help explain a country’s machinery export
sophistication.
Relatively small negative 1 with a small standard error shows that the income level of
a country has a negative effect on its machinery export sophistication, which means that a
higher income level will lead to a relatively low machinery sophistication.
A negative coefficient of 2 means a higher total processing export in machinery
will lead to a relatively lower export sophistication in one country. The high standard
error of 2 implies that the total processing export in machinery has some problems in

explaining the export sophistication. We should split the processing export into more
specific variables and kick useless variables out.
The result of our study shows that our hypothesis is rejected. In machinery, both
income level and the share of processing export are negatively associated with a
country’s export sophistication level. Our result is consistent with Van Assche and
Ganges’s (2008) result that the processing export has a great effect on China’s export
sophistication. But our result is inconsistent with Xu and Lu’s (2008) result that the
processing export has a positive relationship with a country’s export sophistication.
VIII.

Conclusion
China’s export machinery has shown a rapid growth in decade. Some studies

showed that China’s export sophistication is exceptionally high (Rodrik, 2006; Schott,
2008). What can explain China’s export sophistication? More studies are needing to solve
this problem.
In this paper, I focus on the machinery in China’s export, and find that China’s
machinery export is not exceptional sophisticated in comparison with Japan and
European Unions.
Previous studies found processing export has a positive effect on China’s export
sophistication. By following their studies and adapting their study method, I found
machinery processing export is negatively associated with China’s machinery export
sophistication level, which is inconsistent with previous studies.
My study provides a useful first step to explore deeper reasons of China’s export
sophistication, especially in machinery products. But as for the scare of data, I cannot
provide evidence in a longer-time and among more countries. Someone who is able to

assess more international trade data should do a better job than me. In addition, a
following studies focusing on specific factors in processing export is necessary. The
model in my study still has too much useless variables. We are unable to judge the real
affecting factors in processing export.
Identifying the factors that affect China’s export sophistication has important
implication in policy-making. If it is the processing products produced by foreigninvested firms has a positive effect on China’s export sophistication, we must find out
how much can China benefit and how much foreign countries benefit. Is there any value
added by China’s processing? Is skill upgrading in China? I am unable to answer these
questions now, but it is necessary for future studies to focus on these questions.
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Figure1. Sophistication of Chinese exports in comparison, 2010 - 2014

Source: author’s calculations using United States International Trade Commission data

Table 1. Variable Description and summary statistics, 2010 – 2014
Variable
PRODY
GDP
PROCESS

Description
Index of export sophistication
weighted average of per capita GDP
share of processing exports in total export

Mean
91.14423
3824.842
0.259816

SD
Growth
20.43997 0.70493
1282.762 1.481426
0.029414 -0.24819

Source: author’s calculations using United States International Trade Commission data

Table 2. Product Categories
Mnemonic
COM
OFF
ELT
ELH
TEL
BRO
VED

Category
Computers
Office Machines
Electric Transformers
Electric Heaters
Telephones
Broacasting Equipment
Vedio Displays

Source: UN Trade Statistics

Type of products
Automatic data processing machines and units thereof, magnetic or optical readers
Machinery; parts and accessories
Electric transformers, static converters (e.g. rectifiers) and inductors
Electric water, space, soil heaters; electro-thermic hair-dressing apparatus
Telephone sets, including telephones for cellular networks or for other wireless networks
Transmission apparatus for radio-broadcasting or television
Monitors and projectors and reception apparatus for television

Table 3. Developments in machinery exportation

Exportation Value ($ Mill) Exportation Share
Country
China
Canada
Mexico
Japan
Germany
South Korea
United Kingdom
France
India
Italy

2007
85128
6619
35302
9444
1957
11039
1328
468
460
540

2016
129841
3348
45633
3588
2232
9988
1016
504
448
584

Source: author’s calculations using OEC data

2007
6.98%
0.18%
2.45%
0.19%
0.12%
0.54%
0.05%
0.03%
0.02%
0.03%

Increase
2016
6.12%
0.16%
2.15%
0.17%
0.11%
0.47%
0.05%
0.02%
0.02%
0.03%

2007-2016
52.53%
-49.42%
29.26%
-62.01%
14.02%
-9.53%
-23.48%
7.70%
-2.66%
8.06%

Table 4. Exportation Intensity Indices

COM
OFF
ELT
ELH
TEL
BRO
VED

China Canada Mexico Japan Germany
1.01
1.01
1.06
1.12
1.00
1.08
1.08
1.15
1.00
1.07
1.01
1.15
1.02
1.35
1.02
1.01
1.11
1.00
1.23
1.01
1.02
1.10
1.11
1.15
1.01
1.05
1.05
1.50
1.38
1.34
1.21
1.22
1.08
1.16
1.07

Source: author’s calculations using OEC data

South
United
Korea
Kingdom
France
1.22
1.02
1.02
1.03
1.03
1.07
1.03
1.02
1.01
1.13
1.06
1.06
1.10
1.01
1.03
1.00
1.13
1.20
1.14
1.08
1.10

India
1.02
1.06
1.13
2.00
1.43
1.48
1.11

Italy
1.04
1.08
1.07
1.06
1.06
1.20
1.08

Table 5. Exportation Sophistication Index

Category
COM
OFF
ELT
ELH
TEL
BRO
VED

Sophistication Index Si
294363
295417
303911
307400
298802
335762
312988

Source: author’s calculations using OEC data

Table 6. Country Technology Index

GDP percapita
China
Canada
Mexico
Japan
Germany
South Korea
United Kingdom
France
India
Italy

9363
41300
15058
35391
38644
31298
36961
35418
4179
31375

Country
technology
index
319378.635
333652.5084
341151.3761
380566.7033
312866.0977
332659.3955
310963.9296
315895.8393
361176.6825
322445.0031

Source: author’s calculations using OEC data

Table 7. PRODY level regression, 2010 - 2014
Regression Statistics
Multiple R
0.97606334
R Square
0.95269965
Adjusted R
Square
0.85809894
Standard Error
0.07372726
Observations
4
ANOVA
df
Regression
Residual
Total

2
1
3

SS
MS
F
0.1094833 0.05474 10.07075
0.0054357 0.00544
0.114919

Intercept
GDP
PROCESS

Coefficients
3.82508016
-0.5334337
-3.7286666

Standard
Error
t Stat
P-value
6.9518273 0.55023 0.679769
1.8671072 -0.2857 0.822837
6.2257556 -0.5989 0.656469

RESIDUAL OUTPUT
Observation
1
2
3
4

Predicted Y
4.19644111
4.3759087
4.47429526
4.65391965

Residuals
0.0299455
-0.062884
0.0210602
0.011878

Significance
F
0.21748644

Upper
Lower
Lower 95%
95%
95.0%
-84.506261 92.156421 84.506261
-24.25728 23.190412 -24.25728
-82.834392 75.377058 82.834392

